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Thierry SCWHARTZ, residing at Paris declares : 

(1) That he knows well both French and English languages ; 

(2) That he translated the above-identified Application from French ; 

(3) That the attached English translation is a true and correct translation of the above 
identified application to the best of his knowledge and belief ; and 

(4) That all statement made of his own knowledge are true and that all statements made of 
information and belief re believed to be true, and further that these statements are 
made with the knowledge that wilful false statements and the like are punishable by 
fine or imprisonment, or both, under 18 U:S.C. §1001,'and that such false statements 
may jeopardize the validity of the Application or any Patent issuing thereon. 
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ANGULAR POSITION MASTIC SENSOR 



The present invention relates t-« a „ 

rexates to an angular-position 
■nagnetic-sensor device. It is applicable in particular ^ 

MClUSiVelj t0 m ° t0riZed (ETC) , which re quire 

• verv stahie signal at the beginning Qf a 

large travel (larger than 90 ., „ ith excallent linearity 

In general, contactless system comp rise substintia 

d6 7 eS made —-Position agnatic S e» sor , In all 

sue, devices , the ^^^^ gignai ^ ^ ^ t 

possible eccording to angular position. 

In order to make bo th the invention and the angular . 
Poertron ma gnetic-sensor device. m ore co mp rehensi b l„ it i s ■ 
portent to understend the "zero geuss" concept. 

The poaition deiivering a signel eguel to zero gauss 
corresponds to the point or high stabillty . Jn ' * 

I 1 " 10 " ° f indU " i0 " - — — * -ns or en intelli g ent 
and program Hali-effect 3ensor q£ ^ ^ ^ ^ 

rs c apable of compensating for the effect of ten, 

, uc or temperature 

(programming of a thermal coefficient) on ^ 

rtlClent) on the magnetic system, 
such texture co mp ens at ion is not perfect, end therefore 
the onlv poS ition for which this error hes no influenca . 
positron at which induction is zero. ~~ ' 



French Patent Application No. 2670286 and European Patent 
Application No. 0665416, filed in the name of the Applicant, 
disclose a device in which the angular-position measurement 
function is achieved by variation of the magnetic induction, 
but propose a maximum travel of ,90" around the zero-gauss 
position. For sensors of the type presented in the aforesaid 
two patents, this travel is reduced to .70" around the zero- 
gauss position in an attempt to obtain excellent linearity 
(typically ,0.5%,. since ETC applications generally 
necessitate a total travel of close to 90', two options are 
possible : 

- the use of a symmetric angular range, such as [-45- 
+45°], or 

- the use of the angular range [-20°; +70 '], so as to 
approach zero gauss. 

• . ' • 

Thus it is not possible in any of the cases to combine 
the following three characteristics: 

- a zero-gauss starting point (high-stability point) , 

- a usable angular travel greater than or equal to 90% 

- excellent linearity ( ±0 .5%) over the chosen angular 
range . 



In fact, if the interval [-20'; + 70°], for example, is 
used, the starting point <-20°, does not operate at zero gauss 
but exhibits an offset, which is problematic for applications 
that necessitate a very stable starting point. 



In the prior art there is also known US Patent No 
5861745, which describes a contactless detection device 
comprising a rotor and a stator. In the stator there is 
disposed a Hall element in an air gap having the form of a 
slit, and in the interior wall of the rotor there are disposed 
two annular magnets having mutually opposed magnetic 
polarities. 



Wrthin the scope of use of the angular sensor over the 
maximum travel (24 0=, and/or for applications of the ETC type 
however, only two structures function theoretically, those 
lustrated in Pigs. 3 and 4, which are composed respectively 
of an interior stator configuration and an exterior stator 
configuration. These two devices exM bit the following 
characteristics: three pieces for the stator and two magnets 
that are magnetized radially, one (interior radial) over an- 
. angular extent of 120' and the other' fexterior radial, 'over an 
angular extent of 240°. 



At present, however, it is not technically feasible t 
magnetize a magnet correctly over an angular extent of 240" 



o 



This degradation of performances leads inevitably to poor 
linearity and, as it happens, linearity is the primary 
criterion for sensors of this type. 



Finally, there is also known International Patent 
Application No. WO 0120250, which describes a measuring device 
for contactless detection of a relative motion, comprising 3 
stator poles of approximately 120' by making of a hole in the 
large stator, with the objective of decreasing the leakage 
flux when the transition of the magnets is located in the 
configuration illustrated in particular in Pigs. 22, 23, 24a 



and 



24c of the said application. Thus the device of that 
patent application does not permit operation in the angular 
Phase [-120°; + 120°], because the presence of the said hole 
induces an "accident" in the measured induction for the zone 
close to zero. 

The object of the invention is therefore more 
particularly to remedy the disadvantages of the prior art 
devices. For this purpose it proposes an angular-position 
magnetic-sensor device provided with at least one stator and 
one rotor, the space between the said stator and the said 
rotor defining over substantially 360° a main air gap in which 
there move at least two magnetic poles of alternating 
polarities, the said stator being provided with at least one 
secondary^ air gap in which there- is/ placed at least one 
magnetosensitive element, characterized in that the said 
stator is composed of two pole shoes having angular widths 
that are substantially equal to 120° and 240" respectively. 

Furthermore, the two magnetic poles will each have an 
angular width substantially equal to 120°. Advantageously, the 
aforesaid two magnetic poles will be radially magnetized 
adjacent magnets. 

in one embodiment of the invention, the rotor is situated 
in the interior of the stator. 



In a second embodiment, the rotor is situated on the 
exterior of the stator. 

According to one option presented by the invention, the 
sides of at ieast one of the said air gaps could be oriented 
radially, or in other words -in the form of radial slits", or 
be oriented in the s* direction, or in other words -in the 
form of straight slits". 

Preferably, the sides of the said air gap » 1U be 
-tually parallel, r„ the same way, at least one of the said 
magnetic poles will be advantageously m ade of a soft 
ferromagnetic material. 

At least one of the magnetic poles could be glued to the 
rotor or be an integral part of the said rotor. 

■ . According to another option, the rotor and stater' ' could 

" thlS the magnetic poles will then be 

adjacent disc-shaped magnets that are magnetized axially, or 
in other words along the same linear axis. 

The rotor also could comprise at least two axially 
separate parts, the two parts forming the rotor then being 
separated by an axially magnetized disc magnet. It will also 
be possible for the two D art-c, ho K ~ 

. P tS t0 bS se Parated by an axially 

magnetized magnet of annular shape. 

According to another option presented by the invention, 
the rotor could comprise at leas, t- 

parts f h . - transversely separate 

Parts, the two parts forming the rotor then being separated by 
a transversely magnetized parallelepiped magnet. 



in the case in which the rotor is situated on the 
exterior of the stator, the rotor could comprise at least two 
Parts separated transversely by a transversely magnetized 
magnet, which magnet can have parallelepiped shape. 

By virtue of these features, the invention therefore 

makes it possible to manufacture, at low cost, an angular- 

posxtion sensor capable of operating with a linearity of + 0 5% 

over a travel of 100" starting from the zero-gauss point, and 

extends the travel from ±90° to ±120° Thn* hH. 

= j.<cu . inus this sensor 
exhibits the following characteristics: 

linearity on the order of 1% peak-to-peak, 

delivery of a signal having good linearity over a 
range of 220°, 

a stator part reduced to two pieces, 
~ two magnetic poles that are magnetized 
preferentially radially over, an angular range substantially 
equal to 120°, easier 'to use Industrially. 

By way of non-limitative example, embodiments of the 
invention will be described hereinafter with reference to the 
attached drawings, wherein: 

Fig. 1 illustrates a perspective view of an angular- 
position magnetic-sensor device according to the invention; 



Fig. 2 is an overhead view in horizontal projection 
of the device illustrated in Fig. 1 ; 

Figs. 3 and 4 respectivelv iiinof^t.- 

p iveiy illustrate a perspective 

view and an overhead view in horizontal projection of another 

* 0dlM " t ° f deVi - '""-in* to the invention, wherein 

the rotor is plaoed in the interior of the stator; 

Figs. 5 and 6 respectively illustrate a perspective 
vrew and an overhead view in horizontal projection of another 
version of the device illustrated in Figs. 3 and 4; 

Figs. 7 and 8 respectively illustrate a perspective 
view and an overhead view In horizontal projection of another 
emhodiment of the device according to the invention, wherein 
the rotor is placed on the exterior of the stator; 

Figs. 9 and 10 respectively illustrate a perspective- 
v-ievand an overhead view in horizontal projection of another' ' 
emhodiment of the device according to the invention, „ herein 
the magnetic poles are of the disc type; 

Figs. n and 12 respectively illustrate a 
Perspective view and an overhead view in horizontal projection 
of another embodiment of the device according to the 
mvention, wherein the magnetic poles are independent of the 
rotor; 

Figs. 13 and 14 respectively illustrate a 
Perspective view and an overhead view in horizontal projection 
of another embodiment of the device according to the 
invention, wherein the rotor is axially separated by an 
axially magnetized disc magnet; 

Fig. 15 illustrates a perspective view of a device 
according to the invention, wherein the rotor is transversely 



separated by a transversely magnetized magnet; 

Figs. 16 and 17 respectively illustrate a 
perspective view and an overhead view in horizontal projection 
of another embodiment of the device according to the 
invention, wherein the rotor is disposed on the exterior of 
the stator and is separated axially by an axially magnetized 
annular magnet; 

Fig. 18 illustrates a perspective view of a device 
according to the invention, wherein the rotor, disposed on the 
exterior of the stator, is separated transversely by a 
transversely magnetized magnet. 

The angular-position magnetic-sensor device according to 
the invention comprises, in all examples presented hereinafter 
as necessary for comprehension and illustration of the 
different versions of the invention, a stator and a rotor of 
soft ferromagnetic material as well as two magnetic poles of 
alternate polarities. A magnetosensitive element, such as a 
Hall sensor, lodged in a secondary air gap of the stator 
measures the induction and m axes it possible to obtain the 
angular position of the rotor relative to the stator. 

Furthermore, as is evident in the different figures, 
regardless of whether the stator is placed on the exterior or 
« the interior of the rotor, it is always composed of two 
pole shoes 1, 2 of angular „ idths substant . ally ^ ^ ^ 
and 240° respectively. 
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In an embodiment illustrated in Figs. 1 and 2, the 
position-sensor device according to the invention is provided 
with a stator 1, 2, in the interior of which there is lodged a 
rotor 3. The space existing between stator 1, 2 and rotor 3 
defines main air gap 4, which extends over 360' and in which 
there move two adjacent magnetic poles 5 and 6 or magnets, 
which are radially magnetized and have alternate polarities 
the said magnets, which are integral with a coupling means, 
being capable of being glued to the rotor. 

Stator 1, 2 is composed of two fixed parts 1 and 2 
defining two secondary air gaps 7 and 8, the sides of which' 
mutually parallel in pairs, are oriented radially. The two 
secondary air gaps 7 and 8 are substantially perpendicular to 
• maan air-gap 4, and magnetosensi tive element 9, lodged in at- 

least one of the said secondary air aaos 7 ft 

y air yaps /, 8, measures the 

variation of induction. This magnetosensitive element 9 
generates an eiectric signai proportional to the induction 
passing through it. 

Figs. 3 and 4 illustrate another version of the angular- 
position magnetic-sensor device illustrated in Figs. 1 and 2 . 
in fact, in this version, one of the magnets defining one of 
the two magnetic poles of angular width substantially equal to 
120' is replaced by a soft ferromagnetic material. In 
addition, in the same manner as in the foregoing, rotor 3 is 
disposed in the interior of stator 1, 2 and the parallel sideg 
of secondary air gaps 7, 8 are oriented radially, in 
accordance with a *no„n configuration referred to as "in the 
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form of radial slits' 



According to an option presented by the invention, the 
magnetic poles can be glued to rotor 3 or can be an integral 
part of rotor 3. m the example illustrated in Fig 4 
magnetic pole 10 formed by the soft ferromagnetic material is 
therefore an integral part of rotor 3. 

In the same manner, an embodiment of the device according 
to the invention as illustrated in Figs. 5 and 6 oould fce 
envisaged, wherein secondary air gaps 7 and 8, whose sides as 
seen rn the foregoing are ideally parallel, are oriented in 
the same direction, in other words, the said sides 
respectively extend according to two parallel straight lines 
A' A and B'B, as are evident in Fig. 6. 

Of course, the case in which the sides of the secondary 
arr gaps are not parallel, without significant alternation of 
the properties of the device according to the invention, also 
could be imagined. Moreover, for considerations of 
construction and production, it will be understood that it i 
easier to provide that the opposite sides of magnetic poles 5, 
6 or 6, 10 be parallel. 



in a second embodiment of the device according to the 
invention, the position sensor is provided with a rotor 11, in 
the interior of which there is lodged a stator 12, 13. 



s 



In the same manner as in the foregoing, the space between 
the said stator 12, 13 and the said rotor 11 defines main air 
gap 4, whioh extends over 360" and in which there move two 
adjacent magnets 5, 6, magnetized radially and of alternate 
polarity, m equivalent fashion, the said magnets 5 and 6, 
integral with a coupling means, can be glued to rotor 11 or 
can be an integral part thereof. The two magnets 5, 6 comprise 
two magnetic poles of angular width substantially equal to 



120'. 



Stator 12, 13 in this case is composed of two fixed parts 
12 and 13, wherein the space separating them defines a 
secondary air gap n and the tMO ends q£ ^ ^ 
substantially perpendicular to main air gap 4 
Magnetosensitive element 9, lodged in secondary air gap 14 
measures the variation of induction. This magnetosensitive 
element 9 generates an electric signal proportional to the 
induction passing through it. 

As in the foregoing, it could be imagined that at least 
one of magnetic poles 5 or 6 of width substantially equal to 
120' is replaced by a soft ferromagnetic material. 

in an embodiment of the device according to the 
invention, stator 1, 2 and rotor 15 are disposed axially. The 
separation space between stator 1, 2 and rotor 15 defines main 
air gap 4, which extends over 36CT and in which there move two 
magnets 5 and 6, comprising two adjacent magnetic poles, of 
angular width substantially egual to 120% disc-shaped, 
adjacent, magnetized axially, and of alternate polarity, the 
said magnets 5 and 6, integral with a coupling means, being 
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capable of being glued to rotor 15. 

As in the foregoing, the device aooording to the 

invention functions in the same manner in this embodiment. 

Thus the stator is composed of two fixed parts 1 and 2 

defining two secondary air gaps 7 and 8, whose parallel sides 

are oriented radially. The two secondary air gaps 7 and 8 are 

substantially perpendicular to main air gap 4, and 

magnetosensitive element 9, lodged in at least one of the said 

secondary air gaps 7, 8, measures the variation of induction. 

This magnetosensitive element 9 generates an pi e ^ ■ 

ycneidtes an electric signal 

proportional to the induction passing through it. 

This version of the devioe according to the invention 
could contain, in co^on with all alternatives -of the device 
according to the invention, at least one of the said .agnatic 
Poles 5, 6, that will be composed „ f . ^ 

material, m the sa m e way, the opposite and parallel sides of 
secondary air gaps 7, 8 oould be oriented ^ ^ 

direction. 

According to another option presented by the invention 

and illustrated in Figs. 11 and i ? 

y*. 11 and 12, the angular-position 

magnetic-sensor device could, in all examples chosen to 
illustrate the said invention, contain these two .agnatic 
Poles 5, 6, independent of both rotor 3 and stator 1, 2 Thus 
the two said poles 5, 6 neither will be glued to the stator 

independent fashion in the interior of the main air gap 
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Figs. 13 and 14 illustrate another version of the device 
of the invention wherein rotor 16 and 17, disposed in the 
interior of a stator 1, 2, is composed of two parts 16 and 17, 
to which there are glued magnetic poles 5 and 6 respectively! 
In addition, the two rotor parts 16, 17 are separated by an 
axially magnetized disc magnet 18. 

Thus, according to the present embodiment, the position 
sensor is provided with a stator 1, 2, in the interior of 
which there is lodged a rotor divided into two parts 16 and 
17, the two parts 16, 17 being separated axially by an axially 
magnetized disc magnet 18; in other words, the direction of 
magnetization thereof is parallel to stacking axis XX' of the 
two rotor parts 16 and 17 and of the said disc magnet 18. The 
space existing between stator 1, 2 and rotor 16, 17 defines 
main air gap. 4, which extends over 3 60' and in which there 
move two magnetic poles 5, 6, made of soft ferromagnetic 
material, of alternate polarities, the said magnetic poles 5, 
6, which are integral with a coupling means, being capable of 
being glued to the rotor or of comprising a fraction of each 
of rotor parts 16 and 17. 

As in the other embodiments of the device according to 
the invention, the stator is composed of two fixed parts 1 and 
2, defining two secondary air gaps 7, 8, whose parallel sides 
are oriented radially. The two secondary air gaps 7, 8 are 
substantially perpendicular to main air gap 4, and 
magnetosensitive element 9, lodged in at least one of the said 
secondary air gaps 7, 8, measures the variation of induction. 
This magnetosensitive element 9 generates an electric signal 
proportional to the induction passing through it. 
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As illustrated in Fig. 15, the two rotor parts 19, 20 
could be disposed in the same plane, also containing stator 1, 
2. In this version of the device of the invention, the two 
rotor parts 19, 20 will each comprise a magnetic pole, glued 
to the said part 19 or 20, for example, and will be separated 
from one another by a parallelepiped magnet 21, which is 
magnetized transversely, or in other words along the said 
Plane and perpendicular to the tangents to the circle or 
portion of a circle formed by stator 1, 2 or the two rotor 
parts 19, 20. 



The other elements of the angular-position magnetic- 
sensor device according to the invention can be disposed in a 
manner identical to that in the versions described in the 
foregoing. Thus, the st.tor 1, 2 is composed of- 'two fixed 
Parts 1 and 2, defining two secondary air gaps 7, 8, whose 
parallel sides are oriented radially. The two secondary air 
gaps 7, 8 are substantially perpendicular to main air gap 4, 
and magnetosensitive element 9, lodged in at least one of the 
said secondary air gaps 7, 8, measures the variation of 
induction. This magnetosensitive element 9 generates an 
electric signal proportional to the induction passing through 



it. 



Figs. 16 and 17 illustrate a version of the devioe of the 
rnvention wherein stator 22, 23 is placed in the interior of a 
rotor divided into two parts 24 and 25, these two parts 24 25 
being separated axially by an annular magnet 26 that is 
magnetized axially, or in other words in the direotion 
parallel to the stac* of oircles or rings formed by rotor 
parts 24, 25 and annular magnet 26 separating them. The spate 
between stator 22, 23 and rotor 24, 25 defines main air gap 4 
which extends over 360' and in which there move two magnetic 
Poles 5, 6, which are made of soft ferromagnetic material, of 
alternate polarities. 

Magnetic poles 5, 6 could be integral with a means for 
coupling with rotor parts 24, 25, for example glued to the 
said parts 24 and 25 or comprise a fraction of the said rotor 
Parts 24, 25. m the case illustrated in Figs. 16 and 17, eac* 
rotor part 24 and 25 comprises cr supports a magnetic pole 5 
or 6 . 



Stator 22, 23 in this case is composed of two fixed parts 
22 and 23, defining a secondary air gap 27, whose two ends are 
substantially perpendicular to main air gap 4 
Magnetosensitive element 9, lodged in secondary air gap 21 
measures the variation of induction. As in the foregoing, this 
magnetosensitive element 9 generates an electric signal 
proportional to the induction passing through it. 

Fig. 18 illustrates, as in the example illustrated in 
Fxg. 15, the two rotor parts 28, 29, disposed in the same 
Plane, also containing stator 30, 31, disposed in the interior 
of the circle or of the ring formed by the two rotor parts 28 
29. The two rotor parts 28, 29 each comprise a magnetic pole 



5, 6, and they will be separated from Qne another ^ ^ ^ 
32, which has parallelepiped shape, for example, magnetized 

perpendicular to the tangents to the circle or portion of a 
crrcle formed by stator 30, 31 or the two rotor parts 28, 29. 

In this example, stator 30 ^ ,1 

or JU ' 31 is also composed of 

two fixed parts 30 and 31, defining a secondary air gap, whose 
two ends are substantially perpendicular to the main air gap 
Magnetosensitive element 9, lodged in the secondary air gap' 
measures the variation of induction in the same manner as in 
the other practical examples of the invention. 

The invention is described in the foregoing by way of 
example, it is understood that the person sxilled in the art 
*, capable of achieving different .version, -of the . leaxtight 
devrce according to the invention, especially as regards the 

secondary air gaps, without departing from the scope of the 
patent as a result. 
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CLAIMS 



1. An angular-position magnetic-sensor device provided 
with at least one stator (1, 2) and one rotor (3), the space 
between the said stator (1, 2) and the said rotor (3) defining 
over substantially 360' a main air gap (4) in which there move 
at least two magnetic poles (5, 6) of alternating polarities, 
the said stator (1, 2) being provided with at least one 
secondary air gap (7, 8) in which there is placed at least one 
magnetosensitive element (9), characterized in that the said 
stator (1, 2 ) is composed of two pole shoes (1 and 2) having 
angular widths that are substantially equal to 120 • and 240° 
respectively, and in that the two magnetic poles (5, 6, each 
have an angular width substantially equal to 120°. 

2. An anguiar-position magnetic-sensor device according 
to claim 1, characterized in that the rotor (3) is situated in 
the interior of the stator (1, 2) . 

3. An angular-position magnetic-sensor device according 
to claim 1, characterized in that the rotor (11) is situated 
on the exterior of the stator (12, 13) . 

4. An angular-position magnetic-sensor device according 
to claim 1, characterized in that the aforesaid two magnetic 
Poles (5, 6) are radially magnetized adjacent magnets. 
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5. An angular-position magnetic-sensor device according 
to claim 1, characterized in that the sides of the said 
secondary air gap (7, 8) are oriented radially, or in other 
words "in the form of radial slits". 

6. An angular-position magnetic-sensor device according 
to claim 1, characterized in that the sides of the said 
secondary air gap (7, 8) are oriented in the same direction, 
or in other words "in the form of straight slits". 

7. An angular-position magnetic-sensor device according 
to claim 5 or 6, characterized in that the sides of the said 
secondary air gap (7, 8) are mutually parallel. 

8. An angular- P 6sition magnetics-sensor device according 
to claim 1, characterized in that at least one of the said 
magnetic poles (5, 6) is made of a soft ferromagnetic 
material . 



9. An angular-position magnetic-sensor device according 
to claim 1, characterized in that at least one of the magnetic 
poles (5, 6) is glued to the rotor (3) . 

10. An angular-position magnetic-sensor device according 
to claim 1, characterized in that at least one of the magnetic 
poles (5, 6) is an integral part of the rotor (3). 
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17. An angular-position magnetic-sensor device according 
to claim 13, characterized in that the two parts (24, 25) of 
the rotor are separated by an axially magnetized annular 
magnet (26) . 



18. An angular-position magnetic-sensor device according 
to claim 3, characterized in that the rotor (28, 29) comprises 
at least two parts (28 and 29) separated transversely by a 
transversely magnetized magnet (32) . 

19. An angular-position magnetic-sensor device according 
to claim 18, characterized in that the magnet (32) has 
parallelepiped shape. 
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Figure 5 



Figure 6 
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Figure i 




